Inactivated Newcastle disease virus (NDV) vaccines were prepared using paraffin oil, paraffin oil and aluminum stearate (Al.St.) and Montanide oil ISA 71VG as adjuvants. All experiments gave the priority to the inactivated NDV vaccines with paraffin oil adjuvant and Al.St. 4-5 mg/dose including stability (drop test, centrifugation and real time test) and viscosity (dynamic and relative) over NDV vaccine adjuvant with paraffin oil alone that showed reduced stability, however NDV vaccine with paraffin oil and Al.St. 6mg/dose and 7mg/dose showed high values of viscosity indicating hard injectability. Chicks vaccinated with inactivated NDV vaccines with paraffin oil adjuvant and Al.St. (4, 5, 6 and 7 mg/dose) gave higher cell mediated immune response (lymphocyte blastogenesis and macrophage activity), humoral immune responses (using haemagglutination inhibition test) and 100% protection upon challenge experiment in comparison to that vaccinated with NDV vaccine with paraffin oil adjuvant alone that showed 93.3% and 86.66% protection for vaccines used immediately after preparation and the others used after one year of storage at 4°C, respectively. Chicks vaccinated with NDV vaccines with paraffin oil adjuvant and Al.St showed slightly lower values of both cellular and humoral immune responses than that of NDV vaccine adjuvant with Montanide ™ ISA 71VG. In conclusion, inactivated NDV vaccine prepared with paraffin oil adjuvant and aluminum stearate (4 mg/dose and 5 mg/dose) were superior for that adjuvant on paraffin oil alone, as they improved stability and potency of the vaccine, and were with the same quality to that of NDV vaccine adjuvant on the imported Montanide ISA 71VG.
INTRODUCTION
ewcastle disease (ND) is the most devastating disease affecting poultry especially in large scale production causing severe economic losses due to high mortality which may reach 100% in very virulent strains of ND Virus (Alexander, 2003) . ND Virus (NDV) belongs to family Paramyxoviridae, genus Avulavirus (Miller et al., 2010) . Vaccination is the most effective method to control and prevent ND in poultry, thus, innovative vaccines, vaccination regimen and routes are necessary for the control of the disease (OIE, 2009) . In Egypt, control policy of ND depended for many years mainly upon vaccination with live vaccines; however, the inactivated aluminum hydroxide gel adjuvanted NDV vaccine was produced (Nadia et al., 1992 , Daoud et al., 2002 . Serological evidence indicated that oil emulsion inactivated NDV vaccine induced higher haemagglutinating inhibiting antibody titer as well as more persistent immunity than aluminum hydroxide vaccine (Box and Furminger, 1975 and Stone el al., 1980) . High quality oil emulsion vaccine should be stable, with low viscosity to ease injectability and produce suitable haemagglutinating inhibiting antibody titer in vaccinated birds. The quality of the adjuvant emulsion has direct impact on the safety and efficacy of N BENHA VETERINARY MEDICAL JOURNAL, VOL. 28, NO. 1:199-209, MARCH 2015 the vaccine, so good physical properties of the inactivated oil vaccine could in turn increase the immune response to this vaccine (stone et al., 1983) . Aluminum stearate, an emulsifying agent and stabilizer added to the oil adjuvant of the prepared vaccine to produce higher antibody titers with longer duration of immunity and additionally will be non-toxic to the host, was long used to improve oil emulsion vaccines for inactivated Avian Encephalomyelitis vaccine (Wang el al., 1995) , inactivated combined NDV and Egg Drop Syndrome virus vaccine (Zheng el al., 1995) inactivated Infectious Bursal disease virus vaccine (Long et al, (2009) and inactivated avian influenza disease virus (H5N1 subtype) produced by Harbin veterinary research institute (HVRI, 2006) which were stable for many months, safe and effective. So the final goal of this study was to prepare an inactivated NDV vaccine with improved quality using paraffin oil adjuvant and aluminum stearate, and its evaluation in comparison to other prepared vaccines using paraffin oil adjuvant alone or the imported ISA 71VG.
MATERIAL AND METHODS

New castle disease virus:
2.1.1. La Sota strain: La Sota strain of NDV obtained from Veterinary Serum and Vaccine Research Institute (VSVRI), which was supplied from the central veterinary Lab., Weighbridge, England. The virus is lentogenic and has a titer of 1011 Egg Infective Dose 50% (EID50)/ml and was for preparation of inactivated NDV vaccines under study.
Virulent strain of NDV:
Velogenic viscerotropic NDV (VVNDV) field isolate (Reda and Sheble, 1976) , was obtained from the department of poultry viral vaccine,, VSVRI, Abbasia, Cairo. Its titer was 10 6 EID50/Dose. It was used in challenge experiment of vaccinated chicks.
Embryonated Chicken Eggs (ECE)
and Experimental chicks: Fertile SPF-ECE and chicks were purchased from the SPF egg project, Kom Oshim, EL-Fayoum Governorate. The eggs were used for propagation and titration of ND viruses and ensuring of completion of virus inactivation. The chicks were floor reared, fed on balanced commercial poultry ration, and kept under strict hygienic measures throughout the experiment. They were used in studying potency of the prepared vaccines.
Serum samples:
Serum samples were collected from experimental chicks weekly till 10 th week post vaccination (WPV) then every 2 weeks till the 28 th WPV. The sera were inactivated at 56°C for 30 minutes, and then stored at -20°C until used in HI test.
2.4.Whole blood samples:
Jugular blood samples from experimental chicks were collected with anticoagulant (Heparin 20-40 IU/ml) for evaluation of cell mediated immune response using lymphocyte blastogenesis and macrophage activity tests.
2.5.Vaccine preparation: 2.5.1. Propagation and titration of La Sota
NDV in SPF-ECE: The seed virus for vaccine preparation was propagated via allantoic sac in 9-11 days old SPF-ECE (0.2 ml/egg) according to Allan et al. (1973) , which was rapidly detected in embryonic fluid with 10% washed chicken red blood cell suspension in saline using Rapid Plate Haemagglutination test according to Anon, (1971) , then titrated according to Reed and Meunch (1938) . The Aqueous phase used for vaccine formulation is adjusted to have a titer 10 11 EID50/dose of the seed virus.
Inactivation of the propagated NDV
La Sota strain: It was done according to Hofstad et al., (1963) using formalin (37%) Analar, BDH that was added to the harvested allantoic fluid in a final concentration of 0.1%, left for 18 hours at room. Safety of the inactivated virus was tested by injecting 0.2 ml of the inactivated fluid into 9-11 days ECE through allantoic sac for 3 blind passages. Inoculated ECE were observed for 6 days for embryo deaths and harvested fluids were tested by the rapid HA test. Daoud et al., (2002) in which water in oil emulsion (W/O), with both the oil soluble surfactant (span 80) and the aqueous soluble surfactant (tween 80) were added to the oil phase (Paraffin oil) in addition to aluminum stearate (Al.St., Morgan specialty Chemicals Company, Egypt, Batch. No: 81926612,) in different concentrations separately (4mg/dose, 5mg/dose, 6mg/dose and 7mg/dose), then the aqueous-phase (Inactivated virus suspension) was added and the hydrophilic lipophilic balance (HLB) was adjusted to 7.0 as previously described by (Schick, 1966; Stone, 1988 
Preparation of inactivated NDV
Experimental design:
A number of 620 of one-day-old specific pathogen free (SPF) chicks were divided into 60 birds used for evaluation of safety of the prepared vaccines (10 chick/vaccine) and the other 560 birds were divided into 14 group (40 chicks/ each), each chick in the vaccinated groups inoculated at 21 days of their age subcutaneously with 0.5ml of the prepared vaccine either after two weeks of preparation (experiment 1) or after one year of storage (experiment 2) for studying potency of the prepared vaccines. Challenge of experimental chicks was done at 21 days post vaccination for calculation of protection percent (as shown in table 1).
Evaluation of the prepared inactivated NDV oil emulsion vaccines:
Evaluation of physical properties:
Type of the oil emulsion (drop test), relative and dynamic viscosity and stability of the vaccine emulsions were examined according to Stone et al. (1978) and Brugh et al. (1983) .
Quality control: 2.7.2.1. Sterility test:
It was applied to confirm that the prepared vaccines were free from bacterial, and fungal contamination by inoculation into nutrient agar, thioglycolate broth, and Saburaouds glucose agar that were incubated at 37°C, 37°C and 25°C, respectively for 72 hours and mycoplasma on PPLO that was incubated at at 37°C for 14 days.
Safety test in chicks:
Safety of the prepared inactivated NDV oil emulsion vaccines were examined in groups of 3 weeks old chicks (10 chicks/vaccine), inoculated with 1ml (double dose) of each prepared vaccine subcutaneous at the nap of the neck. These chicks were observed for 2 weeks Lucy, (1977) and Lee, (1984) , viability of separated lymphocytes was determined according to Mayer et al., (1974) depending on the following formula:
Number of cell/ml = cells counted in 32 squares x10x1000xdilution 4
Viable lymphocytes were adjusted to a concentration of 5 x 10 6 cells/ ml suspended in RPMI-1640 (Roswer park Memorial Institute, Flow Lab. UK) tissue culture medium with L-glutamine containing 10% foetal calf serum and Evaluation of lymphocyte blastogenesis using XTT assay was performed according to Scudiero et al., (1988 
Challenge test:
Chick groups (vaccinated and un vaccinated control) were challenged 21 days post vaccination by 0.5ml/bird of virulent viscerotropic velogenic NDV containing 10 6.5 EID50/ml, by I/M route. The challenged birds were observed for 15 days post inoculation, serum samples were collected from them and dead birds through this time were recorded and examined for post-mortem lesions.
Protection % = Number of survived birds X 100 Total number of challenged birds
RESULTS
Evaluation of physical properties:
From table (2), the prepared NDV vaccines proved to be water-in-oil (w/o) emulsion type using drop test. Inactivated NDV vaccines adjuvant with paraffin oil and aluminum stearate at different concentrations and montanide ISA 71VG were stable using centrifugation test while that adjuvant with paraffin oil alone was unstable. Although stability of the prepared NDV vaccines using real time test differed at 4°C, 25°C and 37°C storage temperatures, all vaccines were stable at 4°C storage temperature for 52 weeks post manufacture except for NDV vaccine adjuvant with paraffin oil alone which was less stable. All the prepared NDV vaccines showed acceptable relative viscosity, however NDV vaccines adjuvant with paraffin oil and Al.st 6mg/dose and 7mg/dose showed prolonged flow time.
Quality control: 3.2.1. Sterility test:
All prepared inactivated NDV vaccines were sterile and free from bacterial, mycoplasma and fungal contamination.
Safety test in chicks:
The prepared inactivated NDV oil emulsion vaccines were safe for inoculated chicks with neither local reaction nor clinical signs on examination.
Potency of the prepared vaccines:
Potency of the prepared inactivated NDV vaccines was studied for both NDV vaccines immediately after their preparation (Experiment 1) and after one year storage at 4°C (Experiment 2). 
Protection Rate:
All vaccinated chicks showed 100% protection percent upon challenge 21 days post vaccination for both NDV vaccines used immediately after their manufacture (Experiment 1) and that used after one year storage at 4°C (Experiment 2), except for chicks vaccinated with NDV vaccine adjuvant with paraffin oil only that showed 93.3 % protection for chicks vaccinated with NDV vaccines immediately after their manufacture (Experiment 1) and 86.66 % for chicks vaccinated with NDV vaccines used after one year storage at 4°C (Experiment 2). These results were compared with zero protection percent of the control non vaccinated and challenged group as shown in tables (7, 8). 
DISCUSSION
The standard requirements for water-in-oil (W/O) emulsion NDV vaccine in relation to its physical characters as emulsion viscosity, stability as well as potency evaluation had been studied. Examination of the physical properties of the prepared inactivated ND vaccine adjuvant with paraffin oil and aluminum stearate in different concentrations in comparison to NDV vaccine adjuvant with paraffin oil only and NDV vaccine adjuvant with Montanide™ ISA 71VG. The quality of the adjuvant emulsion has direct impact on the efficacy and the safety of the vaccine. Physiochemical parameters of an emulsion include droplet test, conductivity, viscosity, particle size and stability at various temperatures (Lissant, 1984 and Salager, 2000) .
Drop test revealed that all of the prepared vaccines were water-in-oil (w/o) emulsion type. Examination of the vaccine stability using centrifugation test, showed that all prepared NDV vaccines were stable except for inactivated NDV vaccine with Paraffin oil adjuvant only was unstable which was confirmed using real time test for evaluation of the period of keeping quality of vaccine as shelf life. The best physical properties of prepared vaccines from the stability point that using of aluminum stearate in concentrations of 4 mg/dose, 5 mg/dose, 6 mg/dose and 7mg/dose give long duration of stability equal or more than 52 weeks at +4C° with no separation as water release or oil release. The same results were obtained with inactivated NDV vaccine prepared with the imported Montanide™ ISA 71VG adjuvant in comparison with the inactivated NDV vaccine adjuvant with paraffin oil adjuvant only without aluminum stearate (method of locally prepared NDV oil emulsion vaccine) which gave short duration of stability equal or less than 26 weeks, as presented in table (2). Concerning dynamic viscosity measured using capillary viscometer, European pharmacopeia, (2007) showed that the accepted limits of dynamic viscosity of water in oil emulsion vaccine using mineral oil ranged [12≤R≤56 mPa.s], the limits allow the vaccine could be easily injection. Results showed that using of concentration of 4 mg/dose and 5 mg/dose aluminum stearate were located within the accepted limits of dynamic viscosity, however 6mg/dose and 7mg/dose aluminum stearate were excluded from the limits of acceptance which lead to difficult in vaccine injection, higher fatigue of working and wasting of time specially in vaccination of large numbers of birds .
Relative viscosity expressed as flow time per second for inactivated ND vaccine adjuvant with paraffin oil and aluminum stearate 4 mg/dose and 5 mg/dose were 17.4 sec and 24.73 sec, respectively easily in injection, however inactivated NDV vaccine with paraffin oil and Al.st 6mg/dose and 7mg/dose showed prolonged flow time. This result agreed with Becher (1965) who observed that emulsion viscosity was found in inversely proportion with emulsion stability. Also the results of relative viscosity, where the fluid resistance of the prepared vaccines reflects on the injectability of vaccine, agreed with Berlin (1960) and Cessi and Nardelli, (1973) .
Concerning the cellular immune response, results of lymphocytes blastogenesis as represented in table (3) revealed that a maximum response of T cells expressed as optical density (OD) was recorded for different groups two weeks post vaccination, then the values become to decline till the end of the test, however birds of group (4) showed a higher stimulation (2.375) followed by group (1) Timms and bracemell (1983) as they stated that once the humoral immune response becomes established, there is a corresponding decrease in the cellular immune response.
As the physical characters could in turn associate with increase the serological response , batches of the prepared NDV vaccines were subjected to study their efficacy in chicks vaccinated either immediately after preparation of the vaccines (experiment 1) and after one year storage (experiment 2).
Studying of the humoral immune response in chicks vaccinated with the prepared inactivated oil emulsion NDV vaccines (experiment 1) revealed that all the prepared vaccines regardless to the concentration of aluminum stearate produced higher mean titers of HI antibody from the first week post-vaccination (WPV) in all vaccinated chick groups in comparison to the slightly lower levels in chicks vaccinated with the prepared NDV vaccine with paraffin oil alone while the ND vaccine with the imported ISA 71 G adjuvant gave the highest level of all, as shown in table (5). Comparatively, studying of the humoral immune response in chicks vaccinated with the prepared inactivated oil emulsion NDV vaccines (experiment 2) revealed that all the prepared vaccines gave high mean log2 HI antibody titers from the first WPV and the maximum mean log2 titers as shown in table (6). These results were compared with that of prepared NDV vaccine with paraffin oil adjuvant only (local method) and prepared NDV vaccine adjuvant with the imported Montanide ISA 71G. These results were correlated with the findings of Box and Furminger (1975) and Taha et al. (1991) .
The protection against clinical disease was expected with the obtained HI antibody titers (tables 7 and 8) and application of challenge test on vaccinated chicks showed that protection percent for all prepared NDV vaccines were 100%, except for groups vaccinated with NDV with paraffin oil-without any chemical substance showed that 93.3% in table (7) and 86.66% in table (8). Similar observations were obtained in this respect by Box and Furminger (1975) and Taha et al. (1991) .
In conclusion, it was found that the physical properties of prepared vaccine have a positive effect on the obtained serological responses as assured by challenge test and the prepared inactivated NDV vaccine with paraffin oil adjuvant and 4 mg/dose and 5 mg/dose aluminum stearate were superior for that adjuvant on paraffin oil only, as they improved the physical characters and potency of the vaccine, and with the same quality to that of NDV vaccine adjuvant on the imported Montanide ISA adjuvant with high degree of stability as well as potency.
